hemorrhage in the dog and in man are analogous, there are important differences that require elucidation. For example, the dog has been found to refill to a maximum level in some instances in an hour or less,7 27, 38 and usually to fall short of complete refilling. The response of the human being is more gradual, occupying 36 to 48 hours and usually, in normal man, the subject achieves complete refilling.
Keith 25 reported an experimental human hemorrhage in 1919. He removed 800 ml. of blood from a normal donor and, using a vital red dilutional technic, he demonstrated a 600 ml. expansion of the plasma volume one hour after the bleed. Hemodilution continued until the fourth to sixth day, after which red cell volume started to be restored. This represented the first attempt to quantitate dilution after hemorrhage in man, and coincided more or less with the development of dye dilutional technics for measuring blood and plasma volume. It was soon recognized that accurate determination of the blood volume required simultaneous measurement of the red cell volume and plasma volume di- rectly.34 Accurate estimates of the red cell volume had to await the availability of radioisotopes and red cell tagging with isotopes of iron and chromium.
Plasma volume changes following experimental human hemorrhage were studied in several clinics in the early 1940's, and with more refined methods, the impressions of earlier studies were confirmed. Ebert On the day before the experiment, the red cell volume (RV) and the plasma volume (PV) were measured. On the following morning, the subject was placed on a bed scale, electrocardiographic leads were attached and a polyethylene catheter was placed in an arm vein in such manner that good flow could be obtained with gentle suction on a 20 ml. syringe. The hemorrhages varied in magnitude from 490 to 968 ml., and ranged from 10 to 20 per cent of blood volume. They were carried out in 15 to 20 minutes, samples of the hemorrhage blood being taken at intervals during the bleed for quantitative determination.
In only one instance was the blood pressure lowered significantly. This occurred near the completion of the largest hemorrhage (B. W.), after 868 ml. had been removed. The blood pressure fell from 100/60 to 50/30 for several minutes, and this was associated with a mild bradycardia, and a sensation of vertigo. During the norepinephrine infusions all of the subjects became apprehensive, restless, one said he "felt mad." These reactions ended with the infusions. In most instances the V'olume 158 Number 4 699 700 LISTER AND OTHERS postepinephrine systolic blood pressure was 10 or 15 mm. Hg lower than it had been before the infusion. This always returned to normal within five hours.
Blood sampling was continued for 72 hours. No tourniquets were used for sampling. Estimations of hematocrit, serum sodium, potassium, chloride, osmolality, creatinine, plasma proteins, 17-hydroxysteroids, and erythropoeitin were carried out in various samples in frequency sufficient to provide the desired information for a given experiment. Red cell volumes and plasma volumes were remeasured at 24 or 48 hours after the hemorrhage. In a few instances in which sampling volumes were very large, some of the blood taken for the hemorrhage, and heparinized, was reinfused in measured volumes, none of which exceeded the sampling excess.
The subjects took nothing by mouth from midnight before the hemorrhage until seven to ten hours after the hemorrhage. They were kept fasting for the blood volume measurements, but otherwise were on ad lib measured intakes. All urine was collected during the hospitalization period, and analyzed for concentrations of sodium, potassium, chloride, osmolality, creatinine, 17-hydroxysteroids, ketosteroids and erythropoeitin.
Two subjects were studied for the effects of sampling without hemorrhage. In six subjects, intravenous infusions of norepinephrine were begun four hours after the start of hemorrhage. Total Calculations. In addition to direct measurement of the plasma volume, and in order to obtain a more frequent assessment of this volume, the large vessel hematocrit (LVH) was used to estimate plasma volume (PVt), taking into account the reduction in red cell volume by sampling. This assumes that in the first 48 hours after hemorrhage no red cells are added to the active circulation from inactive stores, '3 and that increased red cell production due to the hemorrhage has not yet begun. The red cell volume at any point in time could be calculated by subtracting the red cell volume removed in hemorrhage and sampling (RVH+S) from the initial red cell volume (RV,). The accuracy of this calculation was confirmed by multiple direct measurements of the red cell volume. The plasma volume at any time is given by the formula:
The LVH was corrected for the average ratio of whole body hematocrit (WBH) The validity of these calculations was checked by direct measurement of the plasma volume at several points in each experiment. In most instances these checked well, within the limits of error of the two methods.
Results
The results of the experiments are summarized in Tables 1 and 2 . Only the data concerning transcapillary refilling are included. Other data obtained in these experiments will be reported in detail elsewhere.
Effect of Hemorrhage on Plasma Volume. Figure 1 shows the LVH changes in the two subjects who had sampling only. These curves showed gradual dilution accompanying the multiple small hemorrhages, * The term "predicted" is used to refer to the plasma volume which would obtain were no eventuality other than hemorrhage to have occurred; the term "virtual" has been used in other publications 29 to describe the same entity. Figure 6 to be of equal length, though they varied from two to four hours. Duration ;><:-bad no effect except to delay the dilution process until the norepinephrine was stopped. group presented to this Association a standardized experimental preparation in the dog which consisted of acute rapid arterial bleeding of a selected percentage of the measured blood volume of the animal, and we hoped that members of this Association would tum to the study of hemorrhage as contrasted to making observations on the artificially induced and maintained oligemic hypertension,
